We present combined Mie lidar, ozone lidar and wide-range particle spectrometer observations that were carried out in Beijing, north China during two periods-one haze period before the AsiaPacific Economic Cooperation (APEC) meeting and one moderate pollution period during the meeting in 2014. High extinction coefficient, moderate ozone concentration and variable particle number concentration were obtained throughout the first haze observation period. The mean extinction coefficients in the two pollution periods were 0.52 km-1 and 0.23 km -1 , respectively, at 532 nm. The ozone concentration during the first haze phase was more various with higher average value of 49 ppb compared to that in the second pollution observations (32 ppb). The comparison of aerosols and ozone in different heights indicate different pollution sources and complicated ozone process of generation and disappearance. The four-day back trajectories from a HYSPLIT model indicate that the air masses in the lower boundary layer were advected from the densely populated south regions of China and the long pollution transportation passing through northern China.
INTRODUCTION
Aerosol particles can absorb and scatter radiation efficiently, thereby affecting the balance of the atmospheric radiation system of the Earth [1] [2] .And many studies indicated that both direct emitted particles from human activities and secondary aerosols lead to significant reduction in visibility and the increase of haze occurrence [3] [4] [5] . Especially fine particles (PM2.5) suspended in the air may easily enter the respiratory and blood circulation systems and thus undermine human health [6] . Ozone is an important source of the hydroxyl radical, an oxidant that breaks down most pollutants and some greenhouse gases in the troposphere. Much of the present tropospheric ozone burden is also a consequence of anthropogenic emissions of ozone precursors resulting in widespread increases in ozone concentrations [7] [8] . Thus it is important get understanding of aerosol properties and ozone concentration variation.
Thus far, some extensive studies using different methods have been conducted in the North China, with regard to aerosol pollution [9] [10] [11] . However, knowledge on the combined optical properties of aerosol particles and ozone over northern China is particularly sparse, at least in the vertical scale. Therefore, experimental data in northern are strongly needed to assess the role of aerosols in future scenarios of global change and the impact on human health.
The paper is organized as follows: In Section 2 we describe the experimental setup (Mie lidar, ozone lidar and Wide-range Particle Spectrometer (WPS)). In Section 3, the metrological condition and in-situ measurements are presented. And aerosol optical properties and ozone profiles are shown along with the data interpretation. Furthermore the comparison between aerosol and ozone are investigated. Back trajectory analysis is DOI: 10.1051/ used to track the origin of the air mass arriving at our observation site and the aerosol sources. In Section 4 we provide conclusions based on the results in this experiment.
METHODOLOGY

532 Mie lidar
The 532Mie-backscattered lidar is made up of three sub-systems-emitting system, receiving system and signal analogue system. The laser source used is a pulsed Nd: YAG laser emitting short pulses at 532. The receiving telescope of the lidar system is based on a Cassegrainian design. The backscatter signal are then collected and focused on the telescope's focal point. After separating and passing the respective interference filters, the photons elastically backscattered at the 532 nm wavelengths are detected with photomultiplier tubes. After data preprocessing, the particle backscatter coefficient and the particle extinction coefficient at 532 nm could be retrieved by the Klett method.
Ozone DIAL
DIAL measurements of ozone in our system are made in the Hartley band with the on-line nominally set near 289 nm and the off-line set near 299 nm. And the pulsed light at wavelengths of 289 nm, 299 nm and 316 nm is generated by stimulated Raman scattering. Two lenses in front of and after the tube constitute a Raman con-focal system. The backscattered radiation from the atmosphere is collected by a 40 cm diameter telescope with an effective focal length of 400 cm. After passing through the field stop, the UV DIAL returns are reflected to a four-wavelength grating spectrometer. Both reflected beams are independently collimated to be compatible with interference filters and PMT areas. The resolution of ozone DIAL is 15 m under the height of 3km.
WPS
Particle Number Size Distribution (PNSD) in the size of 10 nm to 10 μm is measured by a Widerange Particle Spectrometer (WPS TM model 1000xp, MSP Corporation, USA). The WPS system consists of a Differential Mobility Analyzer (DMA), a Condensation Particle Counter (CPC) and a Laser Particle Spectrometer (LPS). CPC and LPS are utilized to measure PNSD ranged from 10-500 nm and 350 nm-10 μm respectively. The number concentration has a ± 10% error as indicated by the manufacturer. The instrument's time resolution was set at 5 min with 48 channels for each size for the DMA and 24 channels for the LPS.
RESULTS
In-situ Measurements
More specifically, the median PM2.5 particle concentration reaches its maximum on October 30 and November 4 by the end of the afternoon (18-20 UTC) with the respective value of 100 ug/m 3 and 150 ug/m 3 ( Figure 2 ). The highest NO concentration suggested the peak traffic in rush hours. This is due to the titration effect of ozone by freshly emitted NO from traffic in the city. And NO2 mean concentration is high with value of 30 ppb and 50 ppb from October 29 to October 31 and from November 4 to November 5 respectively. Large NO2 enhancements were observed in the noon of October 30 and November 4. Because the average value of the RH at ground level did not exceed 85% to reach saturation, we conclude that the two pollution periods: one haze pollution period from October 28 to October 30 and one moderate pollution period from November 4 to November 5. 
Aerosols optical properties and ozone
The aerosol-ozone evolution and the aerosol loading impacts on ozone concentration are represented in Figure 5 . During the first pollution period, the DIAL observations show pronounced a high ozone layer between 1 km and 2 km on October 29, with levels exceeding 60 ppb. The aerosol retrieval at 2 km (Figure 3(a) ) indicates turbid air conditions below 2.5 km during the daytime and the average value of extinction coefficient is 0.52 km -1 . In the moderate pollution period, ozone concentration profile is less turbulent and maintains the average value of 32 ppb from 0.5 km to 2 km on November 4( Figure  3(b) ). In the two pollution episodes, aerosols show negative impacts on ozone concentrations on near ground level (from 100m to 200m) at all aerosol loading, which corresponds to the negative influence on photolysis rates by aerosols. However, positive impacts ozone concentrations in the lower troposphere (from 0.5 km to 2.5 km) are observed at small loadings for aerosols. Because in the upper troposphere where NOx is limited and net ozone destruction condition exists, a positive impact on photolysis rates causes a larger enhancement in ozone photo-dissociation rather than NO2 photo-dissociation. Lefohn et al. [12] previously noted an increase in the low troposphere the probability distribution of ozone concentrations and attributed it to a decrease in NO emissions resulting in less effective titration. This positive correlation between ozone and aerosol in the troposphere on October 29 and November 4 suggests the same source is responsible for the enhanced ozone and aerosols.
Sources
During the first haze period ( Figure 5(a) ), the airflows from different directions at different heights began to converge in the J 3 A since October 26. The air mass below 0.5 km was mainly from the densely populated southeast regions of China and the long pollution transportation passing through northern and northeast China. Straw burning and incomplete combustion of carbonaceous fuels during the heating period in winter is common and may cause more absorbing aerosols . The airflow dead zone made the diffusion more difficult. Thus, pollution accumulated and haze began to prevail. The air mass at 0.5km during the second pollution period was a bit different from that in the first haze period (Figure 9 (b)); it came from southwest regions and northwest of China. The trajectories at 0.5 km showed the moderate pollution was due to the presence of more aerosol particles from adjacent region of southwest Beijing and the growth of aerosol under high relative humidity.
CONCLUSIONS
The 
